Introduction {#sec1-1}
============

Alcohol is the most widely used psychoactive substance in the developed world, responsible for a significant portion of avoidable morbidity and mortality in Europe, as well as for social inequalities in health in general.^[@ref1]^ Adverse health effects of alcohol use include a higher risk for emergence of a range of chronic diseases, including diseases of the digestive system, cardiovascular and cerebrovascular diseases, several sites of cancer, mental and behavioral disorders, and external causes of morbidity and mortality. The acute alcohol-related risks comprise alcohol poisoning, fatigue, reduced immunity and proneness to infectious diseases, unintended injuries, as well as aggressive behavior and victimization. As documented by the international research conducted by WHO, in the European Union, alcohol consumption is the third most important risk factor for ill health and premature death.^[@ref4]^

Alcohol-related risks are of a cumulative nature. The lower the age of initiation with alcohol use, and the higher the overall volume consumed within an individual's lifespan, the higher the risks of alcohol-induced ill health, as well as risks of transition from a regular drinking patterns into harmful alcohol use and possible dependence at a later age. Given this cumulativeness and specific vulnerability of an adolescent population to alcohol use, both regular monitoring of underage drinking and implementation of preventative measures are of the most significant priorities of public health policy in European countries.

Among the Czech adult population, alcohol consumption is high with a relatively steady trend since the establishment of the Czech Republic in the early 1990s.^[@ref2],[@ref5]^ As the young generation adopts norms, values and attitudes -- including health-related patterns of behavior -- not only from their parents, but also from the society as a whole,^[@ref6]^ the importance of monitoring the prevalence of alcohol use among Czech adolescents should be highlighted even more.

There are several approaches to measure substance use prevalence in a specific study group. The approaches range from objective measures of alcohol biomarkers, conducted by an expertized staff and examined in a controlled study environment, to selfreported measurements, relying on participants' memory, selfreflexion and willingness to answer truthfully. The latter approach is typically applied in large-sample surveys, where the objective measurement would be costly or complicated to obtain. Due to the specific status of the adolescent population, and relative ease of self-reported measurement acquisition, the latter approach is favored in adolescent substance use prevalence surveys, applied within large-sample school-targeted research designs worldwide; *e.g*. in studies like Monitoring the Future in the United States,^[@ref7]^ ESPAD in Europe,^[@ref8]^ ASSAD in Australia,^[@ref9]^ etc. Despite its selfreported nature, the approach is considered as a good indicator of adolescent risk behaviors, including measurement of adolescent alcohol use.^[@ref10]^

Since the early 2000s, a continuous decline in alcohol use among adolescents from the Western European and Scandinavian countries was recorded.^[@ref8],[@ref13],[@ref14]^ Similar trends were documented in the US,^[@ref7],[@ref15]^ Canada^[@ref16]^ and Australia,^[@ref9],[@ref17]^ as well. However, the widespread decrease was not equally present in all countries of the Central and Eastern Europe.^[@ref14]^ In Czechia, a continuous increase in adolescent alcohol use between 1995 and 2011 was documented, with no signs for decline.^[@ref18]^ This increasing trend was apparent particularly among the Czech adolescent girls.^[@ref19]^

Surprisingly, the results of the recent international European School Survey Project on Alcohol and Other Drugs (ESPAD), conducted with European adolescents in 2015, pointed to the significant general decrease in both alcohol and tobacco use also among the adolescents from the Central and Eastern European countries, including Czechia.^[@ref8],[@ref20]^ For example, the prevalence of last month alcohol intoxication among the adolescent Czechs unexpectedly dropped from 21.3% on 14.7%, the last month binge drinking (5 or more drinks of alcohol during one occasion) from 54.0% on 41.9%.^[@ref18]^ Those new trends in adolescent substance use took a significant interest of the Czech public health professionals, which led to an intensive scientific debate on the topic.^[@ref21]^

Given the unexpected changes in the prevalence of substance use among adolescent Czechs documented by the recent ESPAD project, in this study, we aim to analyze the temporal trends based on the data provided by another survey aimed at adolescent population -- the Health Behaviour in School-aged Children. The data cover time period overlapping with the one provided by the ESPAD. As alcohol use is generally more prevalent among older adolescents, the analyses are conducted separately for both different age groups and genders. This brings a deeper insight into the phenomenon, as compared to that provided by the ESPAD, where only one age-specific group is available.

To large extent, the results of both the ESPAD and HBSC studies are congruent. After a long period of continuous and steady increase in alcohol use, a significant drop among the adolescent Czechs was confirmed. The drop was apparent across both genders and all the age groups, pointing to the significant changes in health-related behaviors among the contemporary Czech youth.

Design and methods {#sec1-2}
==================

Nationally representative data from the series of cross-sectional surveys, conducted in the Czech Republic, focusing on adolescent health conditions were applied, surveyed within the international project of Health Behaviour in School-aged Children (HBSC). Since the Czech Republic has been participant of the HBSC consortium since 1994, all the data available until the recent HBSC survey in 2014 were used.

As regards the level of alcohol use, two sets of questions were available within the Czech HBSC dataset, fully comparable between the survey periods. The first set of questions asked on the frequency of use of three types of alcoholic beverages -- beer, wine, and spirits. The questions were formulated as follows: *"At present, how often do you drink anything alcoholic, such as beer, wine or spirits?"* with answer categories "1 = never", "2 = rarely", "3 = every month", "4 = every week", and "5 = every day". From this set of questions, we derived a dichotomized variable as a first indicator of adolescent alcohol use called *"weekly alcohol use"*, where 1 = use of any alcoholic beverage weekly or daily, 0 = otherwise. The second question was about the frequency of lifetime drunkenness: *"Have you ever had so much alcohol that you were really drunk?"* The answers regarding being drunk two times or more often were coded as cases of repeated lifetime drunkenness. To simplify, this indicator is in the text referred briefly as *"repeated drunkenness"*.

Both sets of questions were asked to 11-, 13- and 15-year old student respondents. Questions were collected through self-completion questionnaires, together with a range of other health-related indicators, administered in the classroom. In all HBSC surveys, student's participation was voluntary. Therefore, no special approval or parental permission was required for the study.

The analysis was conducted in several steps. In the first step, gender- and age-specific prevalence estimates of alcohol use with the corresponding 95% confidence intervals were calculated for both sets of questions *(weekly alcohol use; repeated drunkenness)*. These were calculated for each survey period between 1994 and 2014. In order to visually assess the temporal trends in adolescent alcohol use, prevalence estimates for the both sets of questions were plotted to graphs separately for boys and girls.

The graphs revealed two substantial characteristics of trends in alcohol use, important for the next step of analyses: a) there was an increasing trend in both alcohol indicators between 1994 and 2010; b) however, in 2014, a significant drop was recorded.

In the last step of analyses, we were interested in both a) to make some generalizations of temporal trends of adolescent alcohol use, and b) to test for statistical significance of trends through the regression modelling approach. As the graphical visualization of data revealed a significant breakthrough between 2010 and 2014, we decided to split the regression analysis into separate models for two consecutive time periods: 1994-2010 and 2010-2014. Hence, we conducted a series of logistic regression models with a survey period as a predictor of two respective alcohol indicators used in the study *(weekly alcohol use; repeated drunkenness)*.

The regression models were defined as follows:

A.  Model for 1994-2010:

    Log \[π/(1-- π)\] = Constant + β\*(Period), Period ∈ {0, 4, 8, 12, 16};

B.  Model for 2010-2014:

    Log \[π/(1-- π)\] = Constant + β\*(Period 2014), Period 2014 ∈\*\*\*\*\*\*\*{No=0, Yes=1}

where *π* states for the prevalence (%) of adolescent alcohol users, resp. student drunkenness. In model A, *Period* is a number of years since the first HBSC survey in 1994. In model B, *Period 2014* is a binary variable testing for decline in alcohol consumption between 2010 and 2014.

We stated that questions on alcohol were asked to 11-, 13- and 15-year-old respondents. However, as the level of alcohol use was very low among the 11-year olds, we decided to conduct both graphical assessment and regression analyses only among 13- and 15-year-old students, and to keep prevalence rates computed for the 11-year olds only for illustrative purposes.

Results {#sec1-3}
=======

[Table 1](#table001){ref-type="table"} provides with the description of the dataset compiled from the last six HBSC surveys conducted in the Czech Republic from 1994 to 2014. Data are presented separately by the gender and age of respondents. Number of participants varied between 3585 in 1994 and 5055 in 2014, with a proportional share of boys and girls, as well as all three age groups (the 11-, 13- and 15-year olds) surveyed in each HBSC study. Summing up through all the six HBSC survey periods, the total sample size used in our study was 26589 student respondents (13021 boys and 13568 girls).

[Table 2](#table002){ref-type="table"} summarizes age- and gender-specific prevalence estimates of adolescent alcohol use from 1994 to 2014, computed for two indicators -- weekly alcohol use and repeated drunkenness. Comparing the prevalence rates between age groups it is apparent, how the proportion of students consuming alcohol increases with their age. For example, in 2010, 6.2% of the 11-year-old Czechs declared weekly alcohol use. However, among the 13-year olds, the proportion was 2.5-times higher (15.9%) and among the 15-year olds it was almost 6-times (36.4%) higher. Regarding the repeated drunkenness in 2010, differences between age groups were pronounced even more (2.9% among the 11-year olds, 15.3% among the 13-year olds, and 43.0% among the 15-year olds).

Comparing prevalence estimates between the genders, boys had generally higher rates of alcohol use than girls in both indicators during the whole period 1994-2014. However, these inequalities were more pronounced at the beginning of the study period. Later, the relative differences between genders gradually reduced with rather converging prevalence rates in both alcohol indicators. For example, the proportion of 15-year-old students declaring weekly alcohol use was twofold higher among boys than girls in 1994 (38.3% *vs*. 18.5%). In 2010, this relative difference reduced on 1.4 (42.2% *vs*. 30.8%).

In the next step of analysis, temporal trends in alcohol use were plotted to graphs. [Figures 1](#fig001){ref-type="fig"} and 2 show temporal changes in both alcohol indicators among 13- and 15-year-old students during 1994 and 2014, separately by gender. The corresponding 95% confidence intervals of prevalence estimates are also plotted.

From both [Figures 1](#fig001){ref-type="fig"} and [2](#fig002){ref-type="fig"} it is apparent that adolescent alcohol use had been gradually increasing by the year 2010, particularly among girls. For example, among 15-year-old students, the prevalence of repeated drunkenness between 1994 and 2010 increased twice among girls (from 19.2% to 39.6%) and 1.3-times among boys (from 35.5% to 46.4%). However, in 2014 there was a significant drop in alcohol use, recorded by both alcohol indicators used in the analysis. This was present among both boys and girls and all the age groups surveyed within the HBSC project. For example, the prevalence of weekly alcohol use among 15-year olds decreased by index 0.37 among girls (from 30.8% in 2010 to 11.3% in 2014) and by index of 0.45 among boys (from 42.2% in 2010 to 18.8% in 2014).

Finally, temporal trends in alcohol use were tested by logistic regression models. The binary indicators of both weekly alcohol use and repeated drunkenness were used as dependent variables; the HBSC period was used as an independent predictor of the binary indicator. The regression models were split into two consecutive time-periods (1994-2010 and 2010-2014), and conducted separately for 13- and 15-year-old students -- both for total prevalence and gender-specific trends. The results are presented in [Tables 3](#table003){ref-type="table"} and [4](#table004){ref-type="table"}.

The results of regression analyses generally confirmed previous findings from [Figures 1](#fig001){ref-type="fig"} and [2](#fig002){ref-type="fig"}. The prevalence of alcohol use among adolescents experienced significant changes in the Czech Republic during the period 1994-2014. At first, there was a gradual increase from 1994 to 2010, which was more pronounced among girls. However, there was a significant drop in this respect between years 2010 and 2014. This decline was significant across both genders and age groups surveyed in the study

Discussion and Conclusions {#sec1-4}
==========================

The results of the study lead to a discussion in at least three interrelated aspects. First, it is essential to reflect the significant changes in temporal trends of alcohol use among the Czech adolescent population. The results of our analysis revealed a significant increasing trend of both adolescent weekly alcohol use and repeated drunkenness from 1994 to 2010, which was followed by a steep decrease in 2014, as compared to the previous HBSC round conducted in 2010.

The results of our study confirm the significant changes in adolescent alcohol use provided by the recent ESPAD study. Studies conducted on the Czech ESPAD data revealed both the continuous increasing trend in adolescent last month binge drinking and alcohol intoxication, for the period of 1995-2011, and a sharp decline recorded in 2015 compared to 2011.^[@ref18]^ Similarly to our study, the prior increase in alcohol use was more pronounced among girls, which led to converging the levels between genders.^[@ref19]^ The subsequent drop in adolescent alcohol use during 2011 and 2015 was reported proportionally among both boys and girls.^[@ref18],[@ref19]^

The general downward trend in adolescent alcohol use was documented also in other European countries,^[@ref20]^ as well as among adolescents from the US,^[@ref7]^ Canada^[@ref14],[@ref16]^ or Australia.^[@ref9]^ Compared to the Czech Republic, the downward trend was not steep but gradual and long-term. Therefore, the case of the Czech adolescents seems to be rather specific and there is a need for closer discussion on the phenomena.

The second aspect is to discuss the factors that might to contribute to recent decline in alcohol use. The explanation lies in a rather complex mixture of several factors. In this respect, it is important to note that from 2010 no political measures have been introduced in the Czech Republic that would alter the availability of alcohol. Nor did any massive campaign take place that could significantly affect the attitudes of young people towards alcohol use. In a similar vein, there were no major public health interventions in substance use prevention, which could possibly outweigh the practice common in previous years.^[@ref21]^

Specific explanation for the recent decline in alcohol use concerns the changing preferences of leisure activities among the contemporary Czech youth.^[@ref22]^ Easy access to the Internet, and increasing availability of computers, tablets or smartphones leads to the situation, when young people spend hours on digital technologies. As documented by both the HBSC and ESPAD data, there was a gradual increase in total time spent on computer and use of e-media among adolescents across the European countries in the last decade, including Czechia.^[@ref23],[@ref24]^ At the same time, these activities are more frequent during weekends and linked to leisure preferences and new lifestyle patterns of the contemporary youth.

The recent study by Chomynová and Kážmér^[@ref22]^ (in review) provides empirical evidence of the changing preferences of leisure among the adolescent Czechs, particularly with respect to the significantly lowered frequency of going out with friends and peers during out-of-school time. Interestingly, the lowered frequency explained major part of recent decline in adolescent alcohol use (51-99% of declines in the prevalence of alcohol intoxication and binge drinking between periods of 2011 and 2015), which is probably also related to the spread of new digital technologies. However, while the total time "spent in a virtual space" among the Czech youth is growing, authors of this study are of the opinion that it would be yet premature to talk about replacing one form of risk behavior (alcohol use) with another (excessive use of digital technologies). Furthermore, it turns out that the unprecedented changes do not concern only alcohol but also the use of other substances, *e.g.* adolescent tobacco smoking and marijuana use.^[@ref18],[@ref25],[@ref26]^ In this regard, results of both HBSC and ESPAD yielded congruent findings and confirmed the general decrease of substance use among Czech adolescents in the recent periods. For example, the current smoking prevalence rates among 15-year-old students, derived from the recent Czech HBSC surveys, dropped from 25.0% in 2010 to 13.3% in 2014, proportionally in both genders.^[@ref25]^ The last month prevalence of tobacco smoking dropped from 42.3% in 2011 to 29.9% in 2015 (the Czech ESPAD surveys).^[@ref18]^ Similarly, the prevalence of lifetime marijuana use among 15-yearold respondents, as reported by the HBSC, declined from 30.5% in 2010 to 23.1% in 2014, as reported by the ESPAD from 42.3% in 2011 to 36.8% in 2015 (in the ESPAD, the prevalence of marijuana use and/or hashish together).^[@ref18],[@ref26]^ Since the use of one type of a substance is usually correlated to the use of other substance(s),^[@ref27]^ these findings point to rather general decrease of adolescent substance use. At the same time, these findings are concordant to the above-mentioned hypothesis on ongoing changes in leisure time preferences among the contemporary Czech youth, resulting in an overall decrease of substance use in this specific population group.

From the cross-European perspective, in Scandinavian countries, where a continuous decline in adolescent alcohol use since early 2000s was documented, broader social and political factors linked to an efficient policy measures are considered as possible underlying causes, including lower availability of alcohol beverages, better parental supervision over the children leisure activities, and the reduced opportunities for alcohol drinking, when young people go out for fun.^[@ref28],[@ref29]^Worldwide, socio-cultural factors and possible generational shift in health-related norms are discussed, as well.^[@ref17],[@ref30]^ However, regarding the Czech adolescents, we consider these eventual factors rather secondary.

The third aspect is the narrowing gap in alcohol use between adolescent boys and girls. The phenomenon was discussed on the example of several developed countries of Europe and North America by the study of Kuntsche *et al.*,^[@ref31]^ applying the HBSC data from 1998 to 2006. The authors conclude that shrinking of gender inequalities in health-related behaviors is part of a more general long-term process of convergence of gender-defined social roles.

Finally, it is important to assess the changing patterns of alcohol use among the adolescent Czechs, as compared to other countries participated in the HBSC study. Although the substantial decline recorded in 2014 is a positive trend for the national health policy, adolescent Czechs still remain above the HBSC average in both alcohol indicators. Compared to the Czech Republic, for the age of 15, the 2014 prevalence rates of weekly alcohol use across all HBSC countries was 9% for girls and 16% for boys, and rates of the repeated lifetime drunkenness were 20%, and 24% respectively. ^[@ref32]^ Moreover, the adolescent Czechs have higher rates in both indicators compared to their immediate neighbors, *i.e.* adolescents from Germany, Poland, Slovakia and Austria. Therefore, the recent decline in adolescent alcohol use is not a reason for satisfaction. On the contrary, it is necessary to critically assess the national drug policy and look for more effective measures aimed at reducing alcohol consumption among the vulnerable groups of the Czech society.

The authors thank to Michal Kalman, PhD and the HBSC research team for provision of the Czech HBSC data for analyses.
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###### 

Sample structure for the study, by gender, age and period, Czech Republic, HBSC data 1994-2014.

  Gender   Age group           Period                               
  -------- ------------------- -------- ------ ------ ------ ------ ------
  Boys     11 y.o.             539      586    826    765    719    738
           13 y.o.             644      646    780    804    669    818
           15 y.o.             606      607    806    842    747    852
           Total boys          1789     1839   2412   2411   2135   2408
  Girls    11 y.o.             555      598    865    744    707    836
           13 y.o.             646      644    881    797    787    903
           15 y.o.             595      622    854    823    775    908
           Total girls         1796     1864   2600   2364   2269   2647
  Total    11 y.o.             1094     1184   1691   1509   1426   1574
           13 y.o.             1290     1290   1661   1601   1456   1721
           15 y.o.             1201     1229   1660   1665   1522   1760
           Total sample size   3585     3703   5012   4775   4404   5055

###### 

Adolescent alcohol use prevalence estimates (%), by gender, age and period, Czech Republic, HBSC (1994-2014).

  Gender                                   Age group   Period                               
  ---------------------------------------- ----------- -------- ------ ------ ------ ------ ------
  Boys                                     11 y.o.     12.2     15.2   10.2   9.8    8.1    3.3
                                           13 y.o.     17.5     16.4   23.1   16.8   18.2   7.5
                                           15 y.o.     38.3     32.0   40.1   38.2   42.2   18.8
  Girls                                    11 y.o.     6.8      7.5    4.3    3.8    4.2    2.9
                                           13 y.o.     7.9      9.3    9.3    11.9   14.0   3.1
                                           15 y.o.     18.5     19.1   29.5   26.5   30.8   11.3
  Total                                    11 y.o.     9.5      11.3   7.2    6.8    6.2    3.0
                                           13 y.o.     12.7     12.9   15.8   14.4   15.9   5.2
                                           15 y.o.     28.5     25.5   34.6   32.4   36.4   14.9
  Lifetime drunkenness (2 or more times)                                                    
  Boys                                     11 y.o.     5.0      6.1    2.7    2.7    4.6    2.0
                                           13 y.o.     13.1     14.4   11.9   12.9   16.6   7.0
                                           15 y.o.     35.5     36.5   37.5   36.5   46.4   31.6
  Girls                                    11 y.o.     3.1      2.0    0.9    0.8    1.2    0.6
                                           13 y.o.     7.0      6.4    6.3    10.3   14.2   4.9
                                           15 y.o.     19.2     22.5   29.0   30.5   39.6   28.6
  Total                                    11 y.o.     4.0      4.1    1.8    1.8    2.9    1.3
                                           13 y.o.     10.0     10.4   8.9    11.6   15.3   5.9
                                           15 y.o.     27.4     29.4   33.1   33.5   43.0   30.1

###### 

Binary logistic regression, by gender and age. Dependent variable -- weekly alcohol use (Yes = 1; No = 0), Czech Republic, HBSC (1994-2014).

  Gender   Age group   Model 1994--2010   Model 2010 vs. 2014                                        
  -------- ----------- ------------------ --------------------- --------- ---------- --------------- ---------
  Boys     13 y.o.     Time period        0.00 (0.008)          0.785     2014       -1.02 (0.167)   \<0.001
                       Constant           -1.50 (0.078)         \<0.001   Constant   -1.50 (0.100)   \<0.001
           15 y.o.     Time period        0.01 (0.006)          0.018     2014       -1.15 (0.115)   \<0.001
                       Constant           -0.60 (0.064)         \<0.001   Constant   -0.32 (0.074)   \<0.001
  Girls    13 y.o.     Time period        0.04 (0.010)          \<0.001   2014       -1.62 (0.218)   \<0.001
                       Constant           -2.49 (0.107)         \<0.001   Constant   -1.82 (0.103)   \<0.001
           15 y.o.     Time period        0.04 (0.007)          \<0.001   2014       -1.25 (0.130)   \<0.001
                       Constant           -1.44 (0.076)         \<0.001   Constant   -0.81 (0.078)   \<0.001
  Total    13 y.o.     Time period        0.02 (0.006)          0.009     2014       -1.25 (0.130)   \<0.001
                       Constant           -1.91 (0.062)         \<0.001   Constant   -1.66 (0.072)   \<0.001
           15 y.o.     Time period        0.03 (0.005)          \<0.001   2014       -1.18 (0.085)   \<0.001
                       Constant           -0.98 (0.048)         \<0.001   Constant   -0.56 (0.053)   \<0.001

^a^*Time period* is a continuous variable representing number of years since the baseline period 1994.

^b^Reference year = 2010.

###### 

Binary logistic regression, by gender and age. Dependent variable -- repeated lifetime drunkenness (Yes = 1; No = 0), Czech Republic, HBSC (1994-2014).

  Gender   Age group   Model 1994--2010   Model 2010 vs. 2014                                        
  -------- ----------- ------------------ --------------------- --------- ---------- --------------- ---------
  Boys     13 y.o.     Time period        0.01 (0.009)          0.191     2014       -0.97 (0.173)   \<0.001
                       Constant           -1.94 (0.090)         \<0.001   Constant   -1.61 (0.105)   \<0.001
           15 y.o.     Time period        0.02 (0.006)          \<0.001   2014       -0.63 (0.104)   \<0.001
                       Constant           -0.67 (0.065)         \<0.001   Constant   -0.15 (0.073)   0.048
  Girls    13 y.o.     Time period        0.06 (0.011)          \<0.001   2014       -1.17 (0.186)   \<0.001
                       Constant           -2.88 (0.123)         \<0.001   Constant   -1.80 (0.103)   \<0.001
           15 y.o.     Time period        0.06 (0.007)          \<0.001   2014       -0.49 (0.104)   \<0.001
                       Constant           -1.45 (0.075)         \<0.001   Constant   -0.42 (0.074)   \<0.001
  Total    13 y.o.     Time period        0.03 (0.007)          \<0.001   2014       -1.06 (0.126)   \<0.001
                       Constant           -2.33 (0.072)         \<0.001   Constant   -1.71 (0.073)   \<0.001
           15 y.o.     Time period        0.04 (0.005)          \<0.001   2014       -0.56 (0.074)   \<0.001
                       Constant           -1.03 (0.048)         \<0.001   Constant   -0.28 (0.052)   \<0.001

^a^*Time period* is a continuous variable representing number of years since the baseline period 1994.

^b^Reference year = 2010
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